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INTRODUCTION

Refined sugar production of sugarbeets (Beata vulgaris
L.) 1s based on the product of root yield and extractable
sucrose concentration. Conditicns that affect either of
these components may elther increase or decrease refined
sugar yield, Therefore, it is of prime importance to use
practices and conditions that provide adequate top and
root growth while maintaining sufficiently high sucrose
concentration and purity for profitable sucrose extraction
and vield,

An inherent inverse relationship exists between sugar-
beet rTooOt vyield and wet Troot sucrose concentration
{9,10,15). Increasing rtoct yields by plant breeding,
genetic selection, mnitrogen (N) fertilization, agrcnomic
practices, and environmental conditions will generally de-
crease sucrose concentration (5,14), Milford (13) and
Doney (7,8) have both reported an inverse relationship be-
tween root cell size and sucrose concentraticon, and have
suggested that the negative correlation results from the
opposite effects of c¢ell size on root yield and sucrose
concentration, Large cells produce large roots with high
root yields and low sucrose concentration; whereas small
cells produce small roots with low root yields and high
sucrose concentration.

Recently reported experimental results showed that N
uptake and the proportion and amounts of potassium {(K) and
sodium (Na) have a major influence on sucrose concentra-
tion and root quality (2,3), Increased N uptake reduces
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sucrose concentration by making the tops the dominant pho-
tosynthate sink at the expense of the roots, and by
changing the concentration and proportien of root K and
Ra. Increasing the Na concentration or decreasing the
K:Na ratlo by increased N uptake, increases the root water
concentratlion with a reduction in sucrose concentration.
Variations in Na concentrations and K:Na ratios for sugar-
beets grown at different locationmns the same year, Dbetween
years, and between different genotypes also results in
water and sucrose concentratiom changes. These varilations
in water concentration between treatments and genotypes
indicate that root Na concentrations and/or KiNa ratios
may be involved in the inverse relationship between root
yleld and sucrose concentratiom. Therefore, the objective
of this investigation was to evaluate sucrose production
ag affected by root yield, wet and dry sucrose concentra-
tions, and dry matter and water concentrations of widely
different Beta vulgaris genotypes grown at different N
uptake levels, field locations, <c¢limatic conditions, and
years.
MATERIALS AND METHODS

Eleven experiments on sugarbeets have been conducted
since 1967 by scientists located at Kimberly, with experi-
mental plots at 36 locations in southern Idaho. Referen-
ces to and specific procedures used in these experiments
have been published {(2,3). These experiments were conduc-
ted on Portneuf silt loam soil (Durixerollic Calciorthids;
coarse-silty, mixed, mesic) with the exception of some of
the pleot areas in the 1971 and 1972 studies. The majority
of soils in southern Idaho have a weakly cemented hardpan
at the 0.5- to 0.6-m depth that has little effect on water
movement but may restrict some root penetration.

Soil samples were taken from each experiment in early
spring before fertilizer application by 0.15-m depth in-
crements to the 0.6-m depth or to the hardpan. The soil
samples were air dried, ground, and stared until analyzed.
The potentially available soil N was determined omn all
samples (5).
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Host of the agronomic practices such as planting date,
cultivation, and harvest date were rather uniform among
years, However, variations in these practices that cause
changes 1in the sugarbeet growth and yield components are
given in this section, tables, figures, or in the discus-
slon of this information.

The sugarbeets [Amalgamated AH-10 (1967 to 1980), WS-
76 (1982), WS-76 and WS-88 (1983), and Beta vulgaris geno-
types (4) with the common name of GWD2, AH-10 (commercial
hybrids); LHY-1, LHS-1 (Experimental hybrids): Monorosa.,
Monoblanc (Fodder beet hybrids); Pajbjerg Korsroe, and
Rota (Fodder beets) (1980)] were planted in early to mid-
April in either 0.56 or 0,61 m rows and thinned to a 0,23
to 0.30 m within row spacing in early June.i!

Nitrogen, as ammonium nitrate, was applied preplant
and in mid-June by broadcast or sidedress applications.
Later ¥ applications were broadcast as urea and moved into
the soil with sprinkler irrigation. All experimental plot
areas were adequately supplied with phosphorus (16),

Alternate furrow (every other furrow and alternating
furrows at each irrigation) or sprinkler irrigations were
used. Experimental areas were adequately irrigated based
on previous irrigation experiments except where deficit
irrigation was intentionally imposed.

The sugarbeets were harvested in October by taking top
and root samples from three to six 3-m row lengths or by
mechanically harvesting the roots from a larger area of
each plot at fimal harvest im October. All beet roots
were horizontally sectlomned at the lowest leaf gcar into
harvested root and crown tissue before taking duplicate or
triplicate root (16 to 18 roots per sample) and crown
samples. The sucrose concentration in the beet roots and
crowns was determined by the Amalgamated Sugar Company
using the Sachs-le Docte cold digestion procedure as aut-
lined by McGinnis (12).

L/Mention of trade names or companies is for the benefit of the reader
and does not imply endorsement by the U.S. Despartment of Agricul-
ture.
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Moisture content and dry weights were determined 1in
beet top, root, and crown samples dried at 65°C, The
dried samples were ground and total N was determined by
the macre, or semimicro, Kjeldahl precedure mnodified to
include nitrate (1}. The N uptake was estimated by
assuming that the element concentration was the same in
both the fibrous and storage roots (root + crown}) and the
welght of the unharvested fibrous roots was equal to 25%
of the total harvested storage root welght (l1).

Dry matter and water yields were calculated by multi-
plying their concentrations in the roots by the root
yield. The root yleld gains attributed to changes in dry
matter and water concentrations were calculated by sub-
tracting the dry matter or water yields of the check or
reference treatment from the dry matter or water yields of
the adjusted or higher yielding treatment.

The decrease in sucrose concentration of the wet root
attributed to 1increases in the water concentration was
calculated by using either of the following equations:

5, = 8e¢ - [SYc/(DMY./(100-WT)})]

SL = S, - [(DMp x $S¢)/(100 - W)

where 3§y 1s the percent unit sucrose decrease resulting
from root water gain, S, is the percent wet root sucrose
of the check or reference treatment, SY. is the sucrose
yleld of the check or reference treatment, DMY. 1s the dry
matter yield of the check or reference treatment, Wr is
the percent root water of the adjusted treatment, DMy 1is
the percent root dry matter of the adjusted treatment, and
W, 1s the percent root water of the check or reference
treatment.

The decrease in sucrose concentration resulting from
decreases 1in the percent sucrose of the dry matter was
calculated by differences between that attributed to water
gain and the total percent sucrose decrease of the wet
roots.

The change im sucrose yield between treatments, years,

or genhotypes attributed to percent sucrose of the dry
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matter {PSDM) and dry matter changes was calculated using
the following equations:
Spspy = SWty - SWi g,
and
SpM = SWt)gz — SWr)
where Sasgpy 1s the sucrose yield change attributed to
P3DM, Spy 1s the sucrose yield change attributed to dry
matter, SWt); = (PSDM;/l00) x DM yd;, SWt, = (PSDM3/100) x
DM ydz, SWtigz = (PSDM;/100) x DM ydz, DM yd is the dry
matter yield, subscript 1 1is the lower sucrose yield
treatment, and subscript 2 is the higher sucrose yileld
treatment.
RESYLTS AND DISCUSSION

The Beta vulgaris genotypes varied widely in thelr
root yield, sucrose and water concentrations (Table 1),
When the genotype with the lowest root yleld and highest
sucrose concentration {(LHS-1) was compared with the other
genotypes, the proportion of the root yield increase at-
tributed to water and dry matter varied with genotype.
The propertion of the root yield increase attributed to
water varied from 86 to 102% and averaged 95% of the total
increase. The remaining Iincrease in root yield of -2 to
l14% was attributed to dry matter increase. The sucrose
concentration (% wet root) decrease resulting from water
increase varied among the genotypes from 68 to 95% and
averaged B9% of the total decrease. Whereas, sucrose con-
centration decrease resulting from a decrease in the per-
cent sucrose of the dry matter (PSPM) varied from 5 to
32% and averaged 11% of the total. Total sucrose yield is
the product of PSDM and dry matter production. Genotypes,
treatments, or conditions that affect elither or both of
these yield factors usually change sucrose yield. The
sucrose yield changes among genctypes resulted from both a
change in PSDM and dry matter production {Table 1). How-
ever, the major cause of sucrose yield change was, in most
cases, attributed to dry matter production. Sucrose pro-
duction generally followed the proportion of dry matter to

water that increased root yield. Higher sucrose produc-
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tion was obtained when the increase in dry matter im rela-
tion to water was highest while maintaining a reasonably
high PSDM and vice versa,

High negative linear correlations existed between the
root water and sucrose concentrations of the different
genotypes at each of the two N levels (Pigure lA). There
also was a high negative linear correlation between Troot
or water ylelds and sucrose concentration at the two N
levels (Flgure 1B). The slopes of the regression lines
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Figure 1. Effect of root: (A) water concentration on suc-

Tose concentratien, and {B) water and root vields

ot sucrose concentration of different Beta vul-

garis genotypes during 1980, All correlation co-

efficients highly significant at the 1% level.
were also essentially the same for root and water yields
when <compared with =sucrose concentration at the two N
levels, These relationships iIndicate that the inverse
relationship between roct yleld and sucrose concentration
of different genotypes resulted mainly from the increased
proportion of water to dry matter in the Toots with higher
roct yvields. However, PSDM level does contribute to this
inverse relationship that varies among genotypes and may
contribute up to 32% of the change in sucrose <concentra-
tion. This increase in root water among genotypes was as-
sociated with an increase in the Na concentration and/or a
decrease in the K:Na ratio of the root (3).

Increasing N applications and N uptake by commercial
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sugarbeet varieties on low N soills, generally iacrease
root and sucrose ylelds but may decrease both wet and dry
sucrose concentrations during each of several years when
conpared with the zero N treatment {(Table 2). The root
yield increase consists of both dry matter and water.
However, the proportion of water to dry matter increases
with increasing N uptake. The decrease in sucrose concen-
tration of the wet roots with increased N uptake was
caused by both a decrease in the P3SDM and a decreased dry
matter or increased water concentrations. However, the
greatest amount of sucrose concentration decrease was
caused by the increased proportion of water to dry matter
in the roots. High linear correlations generally existed
between root dry matter or water {W() and sucrose concen-
trations (y) during each of the years (1968: Yy = 46.9 -
0.39 WG, r = -0.61%; 1977: ¥ - 113.3 - 1,26 WC, t =
-0.94**%;  1982: ; = 89,1 - 0.92 WC, r© = -0.97**), This
indicates that the inverse relationship between root yield
and sucrose concentration within genctypes with increased
N uptake resulted mainly from the increased proportion of
water to dry matter with a lesser but important amount
that can be attributed to a decrease in the PSDM. This
increase 1n root water with increased N uptake has also
been associated with an increase in the Na concentration
and/or a decrease in the K:Na ratio (3),

Sucrose yield increased above the zero N treatment
with increased N uptake during each of the years with the
exception of the highest N uptake in 1977 {Table 2). Suc-
rose yvyield change with increased N uptake resulted from a
change in both PSDM and dry matter yield. However, the
majority of the yield differences was attributed to a
change 1in dry matter yield with a smaller change attri-
buted to the PSDM. Maximum sucrose yleld was generally
obtalned when the increase in root yield was highest for
dry matter rather than as water while maintaining a
reasonably high PSDM.

Increasing N applications and N uptake by sugarbeets

grown throughout southern Idaho with varying soll and cli-
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matic conditions showed essentially the same trends (dara
not shown). Root ylelds may or may not increase depending
upon the N status of the goil. On sites where there was a
root yield increase, both dry matter and water changes
contributed to these yileld differences. The root yield
changes resulting from changes in water content generally
increased with increasing N uptake. However, with 1in-
creased ¥ uptake and water concentration, there was a re-
duction in both wet and dry aucrecse concentrations. Suec-
rose concentration of the wet root generally followed the
dry matter concentration as previously shown which indi-
cates root water change was the major contributing factor
in the decline of sucrose concentration with increased N
uptake at each of the different locations. Maximum suc-
rose production agaln occurred when the propottion of dry
matter to water that increased root yield was highest with
a maximum increase or a minimum decrease in PSDM.
Commercial wvarieties grown during different Yyears
varied widely, at maximum sucrose yield, in their root
yield, sucrose concentration, and sucrose yleld {Table 3).
When the year with the lowest root yield and highest suc-
rose concentration (1977} was compared with the other
years, the proportion of the root yield increase at-
tributed to water and dry matter varlied with the year.
The majority of the rToot yield increase between years Te-
sulted from increased water with smaller, but important
increases during certain years, attributed to dry matter.
The sucrose concentration decrease resulted from a change
in the PS3DM and the increased proportion of water to dry
matter in the roots, However, most of the decrease in
sucrose concentration between years resulted from an in-
creased root water concentration. High linear correla-
tions existed between Toot water {(WC) or dry matter and
sucrose concentrations {(y) indicating again that the in-
verse relationship between rToot yield and sucrose concen-
tration resulted mainly from the increased proportion of
water to dry matter in the roots (§ - 68,7 - 0.66 WG, 1 =

-0.89%%), Sucrose production again followed the propor-
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tion of dry matter to water that increased roOt yield.
Highest sucrose production was obtained when the propor-
tion of dry matter to water for the root yield 1increase
wag highest while maintaining a reasonably high PSDM.

Most of the agronomlc and fertilizarion practices
among Yyears were slmilar with two major exceptions.
Starting in 1978, aldicarb at a rate of 2.24 kg of active
ingredients per hectare, Was applied preplant to all
sugarbeets grown in succeeding years. Starting 1in 1982,
Amalgamated WS8-76 and WS-88 varieties were used replacing
the previous variety, AH-10. From L978, an 1increasing
proportion of the root yield increase, when compared with
the year 1977, was as dry matter, rather than as water
(Table 3)., This increase in dry matter, while maintaining
a reasonably high PSDM, increased sucrose production sub-
stantially above that previously received. This would in-
dicate that root, dry matter, and sucrose yields during
1967 to 1977 were being reduced by undetected insect
damage which was controlled by aldicarb application from
1978 to 1983, However, the newer high yielding varletien
used during the 1982-83 season undoubtedly contributed to
these yield changes.

Nitrogen fertilizer applied preplant and during the
growing season to N deficient soil generally increased
root vylelds and reduced both wet and dry sucrose concen-
trations (Table &A). Delaying N application beyond pre-
plant delayed W uptake and plant growth that further re-
duced sucrose concentration with a resulting sucrose yield
reduction below those received from zero N or that applied
preplant. When the treatment with the lowest root yield
and highest sucrose concentration {zero N} was compared
with the other treatments, the proportion of the root
yield 1increase attributed to water and dry matter variled
with the treatment. The root yield change resulting from
water increased with each delay in N applicaticn. The de-
crease in wet root sucrose concentration caused by delayed
N application resulted from both a dacreage in the P3DH

and a decreased dry matter or increased water concentra-
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tion (WC). However, the largest amcunt of sucrose concen-
tration (y) decrease was caused by the increased propor-
tion of water to dry matter in the roots with each delay
in N application (¥ = 91.7 - 0.98 WC, r = -0.99**),  The
sucrose vyield change resulted from a change in both FPSDM
and dry matter production. The sucrose yield change with
delaved N application beyond mid-June was attributed about
equally to a reduction in PSDM and dry matter production.
Maximum sucrose yield was obtained with N applied preplant
when the increase in root yield was highest for dry matter
rather rhan as water while maintaining a reascnably high
PSDM.

The wuse of deficit water management during August,
September, and October curtailed leaf growth and reduced
leaf area (6), reduced N uptake from the soil, increased
sucrose concentration in the wet root, and decreased fresh
root yield when compared with the M; (normal irrigation}
irrigation treatment (Table 4B). These effects on root
yield and sucrose concentration were mainly caused by de-
hydration of the fresh roots. The majority of the ToOt
yield decrease with deficit water management resulted from
decreased water with smaller, but important decreases at-
tributed to dry matter production at the M, (15 July water
cutoff) irrigation lewvel. Sucrose concentration (¥} in-
creases resulted mainly from the decreased water (WC) or
increased dry matter concentrations in the dehydrated
root (¥ = 67.4 — 0.66 WC, r = —-0.96%*). Sucrose yield was
scarcely affected by late season water management on the
H3 {1 August water cutoff) irrigation treatment because
root yield decrease caused by dehydration was nearly com-
pensated for by the increased sucrose concentration.
However, sucrose yield was decreased on the M, irrigation
treatment which can be attributed to reduced photosynthe-
sis in the dehydrated tops causing decreased dry matter
and sucrose accumulation in the beet root. These rtela-
tionships again indicate that the inverse relationship be -~
tween root yield and sucrose concentration was mainly con-

trolled by the water concentration in the roots.
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processing. High sucrose concentration of the fresh root
generally means low impurities and high crystallizable
sugars and vice versa.

The only way to change total sucrose yield is to 1in-
crease or decrease either or both of the two yileld com-
ponents, dry matter yleld and PSDM. Within any climatic
zone, these factors are normally contrelled by agronomic
and fertilization practices such as, 1)} weed, insect, and
disease control, 2) tramnsplanting or planting date and
leaf area development, 3) plant nutrition, 4) irrigatiomn
adequacy, and 5} genotype grown, Within sugarbeet
varieties and climatic zomes, conditlons that cause ade-
quate early top growth for maximizing photosynthesis
throughout the season should provide conditions for maxi-
mum sucrose production and yileld. This can normally be
achieved by using good agronomic practices and by adding
adequate, but not excessive, N for maximizing partitioning
of the photosynthate produced to the roots for storage as
dry matter and sucrose.

SUMMARY

Increasing root yield of sugarbeets (Beta vulgaris L.)
by plant breeding, genetic seiection. nitrsgen (N) ferti-
lization, agronomic practices, and environmental condi-
tions generally decreases sucrose concentration. There-
fore, the ohjective of this investigation was to evaluate
sucrose production as affected by root yield, wet and dry
sucrose concentratiomns, and dry matter and water comncen-
trations of widely different Beta vulgaris genotypes Erown
at different N uptake levels, field locations, c¢limatlc
conditions, and years. Data collected at 36 field loca-
tions in southern Idaho during 1l years since 1967, mainly
on Portneuf silt loam soil (Durixerollic Calciorthids,
coarse-silty, mixed, mesic), were used to identify and
evaluate factors and conditions affecting sucrose concen-
tration, root and sucrose yields. The results clearly
show that the inverse relationship between Toot yleld and
sucrose concentration within genotypes during different

years, at different N uptake or irrigation water levels,
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and between genotypes, may be caused, in part, by water
concentration differences. Root yield changes are raused
primarily by water tather than dry matter, thereby in-

creasing or decreasing wet root root SUCToSe CONCENntra-
tion. Variatien in the percent sucrose of the dry matter
contributes to this inverse relationship, but generally
contributes less than does water or dry matter <concentra-
tion and yield. The change in water concentration in the
root between genotypes and within genotypes during dif-
ferent years and treatments, has been associated in pre-
vious work with a change in root Na concentration and/or
K:Na ratio. Sucrose concentration of the fresh root 1is
not important for total sucrose yield if increases in root
yield with treatment compensates or more than compensates
for the reduction in sucrose concentration. The only way
to change total sucrose yield is to increase or decrease
either or both of the two yield components, dry matter
yield and percent sucrose of the dry matter. This can
normally be achieved by using good agronomic practices and
by adding adequate, but not excessive, N for maximizing
partitioning of the photosynthate produced to the roots

for storage as dry matter and sucrose.
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